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1.  INTRODUCTION

Agricultural greenhouse originally designed as a simple enclosure limited by a transparent wall, as
is the case for conventional tunnel greenhouses and largely answered chapel in several countries including
those of the Mediterranean basin [21]. They amplify certain characteristics of the surrounding environment,
thus involving variations of internal energy and fairly significant heat loss due to the low inertia of the clamp
system [7-10]. The first objective is to improve the thermal capacity of the greenhouse (greenhouse) [17-18].
This is, to characterize the behavior of the complex system that is the greenhouse with its various
compartments (ground, culture, cover, indoor and outdoor environment). To develop non-stationary
mathematical models usable for simulation, optimization and the establishment of laws and control of simple
and effective regulation.

These models must reproduce the essential properties of the mechanisms and interactions between
different compartments. They must be both specific enough to obey the dynamic and real behavior of the
greenhouse system, and fairly small to be easily adaptable to the phases of the simulation. Good modulation
instructions depending on the requirements of the plants to grow under shelter and outdoor climatic
conditions [8-9], result in a more rational and efficient use of inputs and equip the best production
performance. The greenhouse climate is modified by artificial actuators, thus providing the best conditions in
the immediate environment of energy costs and it requires a controller, which minimizes the power
consumption while keeping the state variables as close as possible optimal harvest [16].
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In this paper, or using fuzzy logic which is a powerful way to optimize and facilitate the global
management of modern greenhouse, while providing through simulation interesting and encouraging which
results in an optimization of favorable state variable values for the growth and development of protected
cultivation [10-12-13].

2. EQUATION OF STATE

2.1. Energy Balance of the Greenhouse

The analytical energy balance equation of the greenhouse:

Stored energy change=Gain from internal sources+Gain from the sun-Losses due to conduction
through the cover-Losses due to long wave radiation-Unrealized losses (evaporation)-losses due to the

exchange of air .
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2.2 The mass transfer in the greenhouse
The mass balance for moisture in the greenhouse can be written as following Equation (2) :
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Ving : The speed of air infiltration (m/s)
Vgreenhouse - The total volume of agricultural greenhouse (m3)

Hin, Houe @ IS the indoor and outdoor humidity (KJ / kg)
Voent : Ventilation rate (m? air / s)

And for the humidity balance:

Rates of change in absolute humidity = Infiltration + Ventilation * (humidity difference with the outside) +
Misting + Cooling + AND - Condensation.

The status of humidity function is Equation (3):

dH;
d;n = _an (Hin - Hsat) + Kfoggers (VPin - VPsat,wetbulb) - Kcondensation (VP - VPsat)
Ventilation infiltration
+ E
[}
Evapotranspiration
E : The amount of heat provided by evapotranspiration (W).

(]
Evapotranspiration

3. FUZZY CONTROLLER MODELING

Fuzzy logic is widely used in the machine control. The term "fuzzy" refers to the fact that the logic
can deal with concepts that can not be expressed as the "true" or "false” but rather as "partially true". [15]
While alternative approaches such as genetic algorithms and neural networks can perform just as well as
fuzzy logic in many cases, fuzzy logic has the advantage that the solution can be cast in terms that human
operators can understand, so that their experience can be used in the design of the control device. This makes
it easier to mechanize the tasks have already been performed successfully by man [3].

3.1. Fuzzy Inference Method MAMDANI

Fuzzy inference Mamdani type, as defined for Toolbox fuzzy logic, expects the output membership
functions to be fuzzy sets. After the aggregation process, there is a fuzzy set for each output variable to
defuzzification. It is possible, and in some cases much more efficient to use a single peak as output
membership function, rather than a distributed fuzzy set. This is sometimes known as singleton output
membership function, and we can think like a fuzzy set of pre defuzzification. It improves the efficiency of
defuzzification because it greatly simplifies the calculation required by the more general method Mamdani
which has the center of gravity of a two-dimensional function. [4-5]
To calculate the output of the SIF in view of inputs, six steps should be followed :
The determination of a set of fuzzy rules.
Fuzzification inputs using the input membership functions.
By combining Fuzzificaion entries according to the fuzzy rules to establish a resistance to the rule.
Find the consequence of rule by combining the resistance to the rule and the output membership function.
By combining the consequences to get a distribution outlet.
Defuzzification the output distribution.

mo o0 T

3.2. Fuzzy Sets

Please use a 9-point Times Roman font, or other Roman font with serifs, as close as possible in
appearance to Times Roman in which these guidelines have been set. The goal is to have a 9-point text, as
you see here. Please use sans-serif or non-proportional fonts only for special purposes, such as distinguishing
source code text. If Times Roman is not available, try the font named Computer Modern Roman. On a
Macintosh, use the font named Times. Right margins should be justified, not ragged.

The input variables in a fuzzy control system are generally mapped by sets of membership functions
similar to it, called "fuzzy set". The process of converting a crisp input value to a fuzzy value is called "fuzzy
logic". A control system may also have different types of switch, or "ON-OFF", inputs and analog inputs and
during switching inputs will always be a truth value of 1 or 0, but the system can handle as simplified fuzzy
functions happen to be one value or another. Given "mappings"” of input variables membership functions and
truth values, the microcontroller then makes decisions for action on the basis of a set of "rules"” .
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3.2.1 Membership Functions
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Figure 1. Representation Rules of Membership

3.2.2 Rules of decisions

a.

b.

C.

4,

If (Ti is TVCOLD) then (FOG1FAN1 is OFF)(FOG2FAN2 is OFF)(FOG3FAN3 is OFF)(NV is
OFF)(Heaterl is ON)(Heater2 is ON)(Heater3 is ON) (1)

If (Ti is TCOLD) then (FOG1FAN1 is OFF)(FOG2FAN2 is OFF)(FOG3FAN3 is OFF)(NV is
OFF)(Heaterl is ON)(Heater2 is ON)(Heater3 is OFF) (1)

If (Ti is TCOOL) then (FOG1FAN1 is OFF)(FOG2FAN2 is OFF)(FOG3FAN3 is OFF)(NV s
OFF)(Heaterl is ON)(Heater2 is OFF)(Heater3 is OFF) (1)

If (Ti is TSH) then (FOGIFAN1 is OFF)(FOG2FAN2 is OFF)(FOG3FAN3 is OFF)(NV is
ON)(Heaterl is OFF)(Heater2 is OFF)(Heater3 is OFF) (1)

If (Ti is TH) then (FOG1FANL1 is ON)(FOG2FAN2 is OFF)(FOG3FAN3 is OFF)(NV is OFF)(Heater1
is OFF)(Heater2 is OFF)(Heater3 is OFF) (1)

If (Ti is TVH) then (FOG1FAN1 is ON)(FOG2FAN2 is ON)(FOG3FANS3 is OFF)(NV is OFF)(Heaterl
is OFF)(Heater2 is OFF)(Heater3 is OFF) (1)

If (Ti is TEH) then (FOG1FANL1 is ON)(FOG2FANZ2 is ON)(FOG3FAN3 is ON)(NV is OFF)(Heaterl
is OFF)(Heater2 is OFF)(Heater3 is OFF) (1)

SIMULATION AND MODEL VALIDATION
Please use a 9-point Times Roman font, or other Roman font with serifs, as close as possible in

appearance to Times Roman in which these guidelines have been set. The goal is to have a 9-point text, as
you see here. Please use sans-serif or non-proportional fonts only for special purposes, such as distinguishing
source code text. If Times Roman is not available, try the font named Computer Modern Roman. On a
Macintosh, use the font named Times. Right margins should be justified, not ragged.

Our model is based on the greenhouse GUESS model that is set for a multi greenhouse chapel which

each module is 8.5 m wide, 34 m deep and ridge height of 4.5 m . Infiltration rate is 1.1 air changes per hour,
and a U value of 5.76 W / m®.K was used. The model of the plant was set for Douglas seedling plants were
started at 0.57 g dry weight, and harvested 1.67 g dry weight; a new growing season was recorded at harvest.
A set of hourly data for 2015 (1 January to 31 December) weather station of Dar El Beida Algeria and Biskra
Algeria [6], was used to validate our model as a CSV file that consists of four columns (global solar
radiation, temperature, humidity and wind speed).

The model of the greenhouse was coded using the full version of Windows MATLAB R2012b

(8.0.0.783), 64bit (win64) with Simulink. The simulation was performed on a Toshiba laptop. The laptop is
equipped with a hard drive 700 GB and 5 GB of RAM. Simulink model of the parties were made in
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"Accelerator" mode that has first generated a compact representation of Code C of the diagram, then

compiled and executed.

4.1 Greenhouse Climate Model

del/Ventilation&Cooling Pads’,1);

Figure 2. Simulink Representation of the Greenhouse Climate Model

4.2. Fuzzy Logic Controller Simulation Model of the Greenhouse
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Figure 3. Simulink Representation of the Fuzzy Logic Controller Model

5. RESULTS
The simulation results clearly visualize the actual thermo-energy behavior of agricultural
greenhouse, applying the model of artificial intelligence, namely the application of fuzzy logic in arid and

wetland region [6] .
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5.1. Results Simulation for the wetland region (Dar El Beida)
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Figure 5. Histogram Shows the Distribution of Figure 6. The Evolution of Humidity and
Indoor Temperature Temperature (Interior / Exterior)

5.2 Results Simulation for the arid region (Biskra)

It is found in the wetland region (Dar El Beida) that most of the internal temperature values are in
the range 14 ° C to 22 ° C for autumn winter period and in the range 20 ° C to 26 ° C for the spring summer
period in a large variation the temperature during the winter period is autumn due the heat loss at night, the
compensation is insufficient by heating and expensive for this improved thermal insulation of the cover wall
is necessary. The improvement of the thermal isolation of the cover may be carried out in practice by the

addition of an air bubble plastic layer assembled to the face interior of wall. During the period spring summer
the temperature is within the desired range.
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Figure 7. Histogram Shows the Distribution of Figure 8. The Evolution of Humidity and
Indoor Temperature Temperature (Interior / Exterior)

The relative humidity is almost in the interval desired during all the year except at the few days of
half of the summer because of the important vaporization used for the compensation of the temperature .
But Conversely in the arid region It is found that most of the internal temperature values are in the range 15 °
C to 25 ° C for the autumn winter period, and in the range 20 ° C to 28 ° C for the spring summer period in a
large variation the temperature during the winter autumn period is due to heat loss during the night, clearing
heating is insufficient and expensive for this improved thermal insulation of the covering wall is necessary.

The improved thermal insulation of the cover may be carried out in practice by the addition of an
plastic air bubble layer mounted to the inside wall face. During the period spring summer the temperature is
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almost within the desired range except for half of the summer where the temperature is a little increase. The
use of cooling systems and spray is necessary to lower the temperature in the interval longed for

But this solution is insufficient and really expensive, for this purpose we should improve the
characteristics of the coverage of the agricultural greenhouse for example thermal insulation or blanket
double wall which demonstrates improved efficiency of heating and cooling ... etc. The relative humidity
generally stays close to the optimum for all the year except in summer when the humidity drops below
threshold due to significant vaporization used for temperature compensation, to resolve this problem adding a
screen on the roof of the greenhouse and improving irrigation can compensate the lack of relative humidity in
the arid region.

6. CONCLUSION

However, our objective is achieved to the extent that it has been shown through modeling and
control by the use of fuzzy logic, this area is very difficult because it is a multi control variables which the
greenhouse is a biophysical system where parameters are highly correlated as shown by the results. this
technique of fuzzy logic that has been adapted to the greenhouse to a promising future for the climate control
and management of the greenhouse. For greenhouse growers, it is a preferred approach for structuring and
knowledge aggregation and as a means of identification of gaps in the understanding of mechanisms and
interactions that occur in the system-greenhouse.

Fuzzy logic is a branch of artificial intelligence, which must point out its advantages and
disadvantages. its use has led to quite satisfactory results of the control and regulation perspective.

We remain optimistic in the near future, as to the operation of artificial intelligence, including the
use of fuzzy logic which indicates:

a. For the control and regulation of the greenhouse microclimate.
b. By the conservation of energy.

c. For the efficiency of energy use in the greenhouses operation.
d. For improved productivity of crops under greenhouses.

e. Inasignificant reduction of human intervention.
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